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Antibodies were prepared against bacterially expressed Commelina yellow mottle badnavirus (CoYMV) proteins. Antiserum
against purified virions and antiserum against the C-terminus of the putative coat protein-encoding region of ORF III detected
the same virus-specific proteins, indicating that the CoYMV coat protein is encoded in ORF III. In addition to the two major
forms of the coat protein (37 and 39 kDa), several high molecular weight virus-specific proteins were detected when virions
were isolated without chloroform treatment. These proteins are possible ORF III polyprotein processing intermediates and
might be associated with ‘‘immature’’ virions which are eliminated by chloroform treatment. As predicted by the genomic
sequence, a 20-kDa virus-specific protein was detected by an antiserum raised against the C-terminus of the putative ORF
I protein. Results of filtration experiments suggest that the ORF I protein is equally associated with virions and with plant
component(s). The association between the ORF I protein and the virions was further confirmed using immunosorbent
electron microscopy and immunogold labeling. The ORF I protein was not detected in virus preparations treated with
chloroform, and colocalized with virions containing immature coat protein on sucrose–cesium sulfate density gradients,
suggesting that it is associated with immature virions. An antiserum raised against the putative ORF II gene product detected
a 15-kDa virus-specific protein whose association with the virions was unaffected by chloroform treatment. The ORF II
protein was found to be sensitive to some protease(s) that copurified with the virions, and protease inhibitors preventing
this degradation have been identified. q 1996 Academic Press, Inc.
INTRODUCTION 1991), the viral genomes contain three or four major open
reading frames (ORFs). The predicted ORF I proteins of
Commelina yellow mottle virus (CoYMV) is the type these viruses are similar to each other, but have no sig-
member of the badnaviruses, a genus of nonenveloped, nificant similarity to other protein sequences and, there-
bacilliform-shaped plant viruses (Lockhart and Olszew- fore, no function can be predicted. This is also true for
ski, 1994). Although infection by badnaviruses causes the putative ORF II proteins. The putative ORF III proteins
severe losses in economically important plants such as are likely to be polyproteins that are proteolytically pro-
cacao (Brunt, 1970), banana (Lockhart, 1986), black pep- cessed to produce a cell-to-cell movement protein, the
per (Lockhart, unpublished), and rice (Omura et al., 1983), virion coat protein, an aspartic protease (PR) that may
much remains to be learned about these viruses. be involved in processing of these polyproteins, and the
Badnaviruses are pararetroviruses containing a circu- replicase. Partial sequencing of the RTBV coat protein
lar 7.5- to 8-kb double-stranded DNA genome with one has confirmed that it is encoded in ORF III (Qu et al.,
site-specific discontinuity in each strand. These viruses 1991). When the RTBV PR/RT region of the polyprotein is
are replicated by reverse transcription of a transcript that expressed in insect cells, it is processed to polypeptides
is larger than the viral genome and terminally redundant having RT, DNA polymerase, and RNase H activities
(Medberry et al., 1990; Hay et al., 1991; Qu et al., 1991; (Laco and Beachy, 1994; Laco et al., 1995). To date, only
Bouhida et al., 1993; Hagen et al., 1993; Bao and Hull, the RTBV genome is known to contain a fourth ORF and
1992). A virus-encoded replicase (reverse transcriptase the function of its product is not known (Hay et al., 1991).
[RT] and ribonuclease H [RNase H]) is involved in this CoYMV infects Commelina diffusa, an herbaceous
process, and cytosolic tRNAMet is proposed as the primer host that is easy to propagate. The virus reaches high
for minus-strand synthesis. titers in infected tissues and produces symptoms rapidly.
Based on the complete sequences of CoYMV (Med- These properties along with the availability of constructs
berry et al., 1990), sugarcane bacilliform virus (Bouhida that are highly infectious when introduced by Agrobacte-
et al., 1993), cacao swollen shoot virus (Hagen et al., rium-mediated inoculation (Medberry et al., 1990) make
1993), and rice tungro bacilliform virus (RTBV) (Hay et al., it an ideal model for the molecular–genetic characteriza-
tion of the badnaviruses. Although ORFs I, II, and III are
capable of encoding putative proteins of 20, 15, and 2161 To whom reprint requests should be addressed at 220 BioSciences
kDa, respectively (Medberry et al., 1990; Cheng and Ols-Center, 1445 Gortner Ave., St. Paul, MN 55108. Fax: (612) 625-1738;
E-mail: neil@biosci.cbs.umn.edu. zewski, unpublished), the existence, location, and func-
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TABLE 1
Reagents Used in This Study
PCR Expression Antiserum
ORF Primera (nucleotide position) product (bp) vector raised
5*-ccgg gatatc cat ATG AAT GTA TGG TTG TTG-3*
ORF I (C*)b (Forward, 496–513) 651b pMALc AS-I
5*-ccttt ggatcc AGT GAT GTT GCT C-3*
(Reverse, 1112–1100)
5*-attaaa cat ATG AGC AAC ATC ACT GAA-3*
ORF II (Forward, 1098–1115) 450 pET11a AS-II
5*-TGC TGG aga TCT TCT TGT CGC CAT T-3*
(Reverse, 1505–1520)
5*-ccgg gatatc ATG AGC AAC ATC ACT GAA-3*
ORF II (Forward, 1098–1115) 442 pMALc —
5*-TGC TGG aga TCT TCT TGT CGC CAT T-3*
(Reverse, 1505–1520)
5*-ccgg gatatc catatg ATG AGG TTT AAA GAT
CP (C*)c GAA-3* (Forward, 3558–3575) 665 pMALc AS-CP2
5*-ggcc agatct tca ATT TCG GCA TTG ATT TGC-3*
(Reverse, 4176–4193)
a Nucleotides complementary to the viral sequence are given in uppercase letters and their positions are given; restriction enzyme sites used
for cloning are underlined: gatatc, EcoRV; ggatcc, BamHI; catatg, NdeI; agatct, BglII.
b Only the C-terminus of the ORF I region was expressed by subcloning the 3*-most 385 bp of the 651-bp PCR product into pMALc.
c Only the C-terminus of the coat protein was expressed.
tions of these putative viral gene products remain to be enzyme recognition site that facilitated cloning into
pET11a (Novagen) or pMAL (New England BioLabs).determined. In this paper, we describe the use of antisera
Only the carboxy-terminal 128 amino acids of the puta-prepared against bacterially expressed coat, ORF I, and
tive ORF I protein were expressed in Escherichia coliORF II proteins to confirm the existence, and determine
XL1-Blue cells because other regions were found to bethe localization, of these proteins.
toxic. The PCR product containing the entire ORF I region
was digested with Bsu36I, the sticky end was bluntedMATERIALS AND METHODS
using T4 DNA polymerase (Ausubel et al., 1992), and the
Plant growth and inoculation polished DNA was then digested with BamHI to release
the 3* end of the ORF I region for ligating into the XmnI
C. diffusa was propagated by rooting stem cuttings in and BamHI sites of pMAL. The PCR products of the ORF
soil. Infectious CoYMV constructs (Medberry et al., 1990) II region were digested with the appropriate restriction
were introduced into plants approximately 8 cm high by enzymes (Table 1) for cloning the entire ORF II region
agroinoculation. Pointed toothpicks were dipped in sus- into pET11a and pMALc vectors. The exact location of
pensions of Agrobacterium tumefaciens containing the the amino-terminus of the coat protein, which is believed
infectious CoYMV constructs and then used to puncture to be a part of the polyprotein encoded by the ORF III
the stem. region, has not been determined. However, a conserved
RNA-binding domain is believed to be at the carboxy-
Expression constructs terminus of the coat protein (Covey, 1986; Medberry et
al., 1990). Therefore, a 636-nucleotide region encoding aDNA fragments containing the coding regions of the
protein with the conserved RNA binding region at itscoat, ORF I, and ORF II proteins were prepared by PCR. A
carboxy-terminus was cloned into pMAL.100-ml PCR cocktail containing 100 ng of ClaI-linearized
Constructs in pMAL or pET11a were introduced intotemplate, pCoYMV89 (Medberry et al., 1990); 20 pmol
E. coli strains XL1-Blue and BL21(D3), respectively, usingeach of specific forward and reverse primers (Table 1);
an electroporation procedure described by Medberry et0.05 mM dATP, dTTP, dGTP, and dCTP, each; 1.5 mM
al. (1990). The nature of recombinant clones was con-MgCl2 ; 5 U Taq DNA polymerase (Promega); and Taq firmed by dideoxy-termination DNA sequencing using theDNA polymerase buffer (Promega) was subjected to 25
fmol DNA sequencing system (Promega).
cycles using a PTC-100 programmable controller (MJ Re-
Purification of expressed proteinssearch, Inc.). Each cycle included denaturation for 30 sec
at 947, annealing for 30 sec at 507, and polymerization Expression of CoYMV proteins in E. coli strains XL1-
Blue and BL21(D3) was induced with IPTG as describedfor 2 min at 727. Some primers contained a restriction
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by the supplier of pMAL (New England BioLabs) and 30%) prepared in 15 mM Tris–Cl buffer (pH 7.4) and 10%
(w/w) sucrose. The gradients were fractionated into 0.5-Studier et al. (1990), respectively. The native ORF II pro-
tein, which was expressed in BL21(D3) cells, was present ml fractions which were dialyzed against 15 mM Tris–
Cl buffer (pH 7.4) prior to being analyzed by Westernin inclusion bodies. Inclusion bodies were purified (Citov-
sky et al., 1990) and the ORF II protein was further purified blotting.
by excision following preparative SDS–PAGE (Ausubel
Immunoadsorption of virions on protein A-bearinget al., 1993). When the coat, ORF I, and ORF II proteins
Staphylococcus aureus cellswere expressed as fusions with the maltose binding pro-
tein (MBP), the MBP fusions were purified from crude Immunoadsorption was performed essentially as de-
protein extracts (Pazour and Das, 1990) by affinity chro- scribed by Kessler (1981). CoYMV antisera diluted 1:100
matography (Ausubel et al., 1991). Denaturation and were incubated with partially purified virions overnight
cleavage of MBP fusion proteins with factor Xa (New at 47. Excess protein A-bearing S. aureus cells were
England BioLabs) was attempted as described by Ausu- added to the antibody–virion mixture and incubated for
bel et al. (1991); however, all three fusions failed to be 20 min at 47. The cells were then collected by centrifuga-
cleaved by factor Xa (data not shown). tion in a microfuge at maximum speed and washed five
times with 0.05 M Tris–Cl (pH 7.4), 0.15 M NaCl, 0.005
Production of antisera
M EDTA, 0.02% sodium azide, 0.05% NP-40. The superna-
tant and cell pellet fractions were analyzed by WesternThe purified native ORF II protein and uncleaved ORF
I and coat fusion proteins were used to immunize rabbits blotting using AS-CP1.
for the production of antisera listed in Table 1. In addition,
Western blot analysisantisera against purified virions (AS-CP1) and total pro-
teins from uninfected host plants (AS-H) were also raised. All protein samples were resolved by SDS–PAGE as
All immunizations were performed as described by Lock- described by Laemmli (1970) and electroblotted onto
hart (1986). Affinity-purified antibodies were prepared PVDF membranes (Millipore) using a semidry transfer
from these antisera using the appropriate MBP fusion cell (Trans-Blot SD; Bio-Rad). After protein transfer, mem-
proteins following Sambrook et al. (1989). branes were blocked with 2% Tween 20 for 2 min and
then incubated overnight at room temperature with
Preparations of total proteins and partial purification
CoYMV antisera diluted 1:4000 or with affinity-purified
of the virions
antibodies diluted to 5 mg/ml. Membranes were then
incubated for 2 hr at room temperature with goat anti-Total proteins were prepared by grinding plant tissues
in SDS–PAGE sample buffer (Laemmli, 1970) (1 g/3 ml) rabbit IgG-alkaline phosphatase conjugate (Sigma). Anti-
body-labeled proteins were detected using the BCIP/NBTand boiling for 5 min. After a brief centrifugation, superna-
tants were stored at 0207 or analyzed immediately. Par- color development system (Bio-Rad). In some experi-
ments, blots were scanned using a Personal Densitome-tially purified virions were prepared as described pre-
viously by Lockhart (1986). In some experiments, the re- ter SI (Molecular Dynamic) and HP ScanJet IIc Scanner
(Hewlett Packard), and the abundance of virus-specificsultant pellet was resuspended and clarified with
chloroform. In some experiments, protease inhibitors (2.5 proteins in fractions was then measured by using the
IPLab Gel program.mg/ml antipain, 0.1 mg/ml chymostatin, 0.5 mg/ml leupep-
tin, 1 mM phenylmethylsulfonyl fluoride [PMSF]) were
Electron microscopyadded to all solutions.
Immunosorbent electron microscopy (ISEM) to quan-
Subcellular fractionation of infected plant tissues
tify the number of virions trapped by the different antisera
was performed as described previously (Lockhart andA filtration procedure described by Vaquero et al.
(1994) was employed to prepare a cell-wall-enriched Autrey, 1988). Grids coated with protein A (5 mg/ml) were
incubated for 30 min with antisera diluted 1:100 in water,fraction and a cell-wall-depleted filtrate from CoYMV-in-
fected leaf tissue, and the resulting fractions were ana- washed with 10 drops of half-strength PBST (1/2 PBST;
phosphate-buffered saline containing 0.05% Tween 20,lyzed by Western blotting.
For fractionation by sucrose gradient centrifugation, pH 7.4), and then incubated with virus preparations for
2–4 hr. After washing with 50 drops of 1/2 PBST, theMiracloth-filtered infected leaf tissue homogenates in 15
mM Tris–Cl buffer (pH 7.4) were layered on a sucrose grids were stained with 2% uranyl acetate for 5 min for
EM examination.step gradient (10, 20, 30, and 40%) in the same buffer
and centrifuged at 130,000 gmax for 2 hr at 47. In some The immunogold labeling procedure was modified
from Hay et al. (1994). For chloroform-treated virus prepa-experiments, partially purified virus preparations (Lock-
hart, 1986) were centrifuged at 250,000 gmax for 6–7 hr rations, grids containing air-dried virions were incubated
at room temperature for 1–2 hr with antisera diluted 1:9at 157 in a cesium sulfate step gradient (0, 15, 22.5, and
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followed by an incubation with 20-nm gold–goat anti-
rabbit IgG conjugate (1:40) (Sigma) for 1 hr. For virus
preparations without chloroform treatment, grids coated
with the F(ab)*2 fragment of affinity-purified coat protein
antibody were incubated with virus preparations for 1 hr
followed by an incubation with CoYMV antisera diluted
1:9 at room temperature for 1–2 hr (AS-II and AS-CP1),
or overnight at 47 (AS-I). The grids were then incubated
for 1 hr with 10-nm gold–protein A conjugate (1:40)
(Sigma).
RESULTS
The ORF I and ORF II proteins are present in infected
plant tissues and in partially purified virus
preparations
Antisera raised against bacterially expressed ORF I
and ORF II proteins, and purified virions (Table 1) were
used to determine if the predicted ORF I and ORF II
proteins of CoYMV are present in infected plant tissues
and partially purified virus preparations. In addition, anti-
serum prepared against the putative coat protein was
FIG. 1. Detection of CoYMV ORF I, ORF II, and coat proteins in
used to confirm that the coat protein is encoded as part infected plant tissues and partially purified virus preparations. The blots
of the ORF III polyprotein. were probed with (A) AS-I, (B) AS-II, and (C) AS-CP1. Lane 1, total
proteins isolated from uninfected plant tissues; lane 2, total proteinsAn antiserum raised against the ORF I protein (AS-I)
isolated from CoYMV-infected tissues; lane 3, partially purified virusdetected a 20-kDa protein that was present in CoYMV-
preparations before chloroform treatment; and lane 4, partially purifiedinfected plants, but not in uninfected plants (Fig. 1A,
virus preparations after chloroform treatment. The arrows and the lines
lanes 1 and 2). Several virus-nonspecific proteins of a between the lanes indicate virus-specific proteins. The sizes of the
higher molecular weight were also detected in infected molecular weight markers (M) are indicated to the left. The sizes of
the virus-specific proteins are indicated in kDa to the right.plants (Fig. 1A, lanes 1 and 2). These virus-nonspecific
proteins, however, were not detected by affinity-purified
ORF I antibody (data not shown). This 20-kDa virus-spe-
specific proteins of 66 and 50 kDa. Two virus-nonspecificcific protein was smaller than the 23-kDa protein pre-
proteins of 35.5 and 34 kDa were occasionally detecteddicted by the CoYMV sequence (Medberry et al., 1990);
by AS-CP1 (Fig. 1C, lanes 1 and 2), but were not detectedhowever, resequencing of this region established that
by affinity-purified coat protein antibody from AS-CP1the original sequence was missing a C nucleotide at
(data not shown). Similar virus-specific proteins wereposition 524 (Cheng and Olszewski, unpublished data).
also detected in partially purified virus preparations (Fig.Thus, the ATG codon located at position 576–578 is the
1C, lane 3). Moreover, AS-CP2, which was raised againststart codon for the ORF I protein whose size is now
the C-terminus of the coat protein, detected the samepredicted to be 20 kDa. This virus-specific protein was
proteins as did AS-CP1 (data not shown), suggesting thatalso detected in partially purified virus preparations (Fig.
the minor high molecular weight AS-CP1- and AS-CP2-1A, lane 3), suggesting a possible association of the ORF
reacting proteins are related to the 37- and 39-kDa coatI protein with virions.
proteins.As expected, an antiserum raised against the ORF II
protein (AS-II) detected a 15-kDa protein that was present
The size of the coat protein subunit decreases with
only in infected plant tissues and partially purified virions
time following infection
(Fig. 1B). The presence of the ORF II proteins in partially
purified virus preparations suggests that it is associated The time courses for the appearance following agroin-
oculation of both symptoms and the 39- and 37-kDawith virions. This antiserum also detected several virus-
nonspecific proteins. However, affinity-purified ORF II an- forms of the coat protein were determined. Symptoms of
CoYMV infection were first apparent 12 days postinocula-tibody detected only the 15-kDa protein (data not shown).
An antiserum raised against purified virions (AS-CP1) tion (dpi) on the third or fourth leaf above the inoculation
site and appeared on younger leaves subsequently. Theconsistently detected virus-specific proteins of 37 and
39 kDa in CoYMV-infected plant tissues (Fig. 1C, lanes first and second leaves, which were initiated before inoc-
ulation, never exhibited symptoms and contained no de-1 and 2). In addition, AS-CP1 also detected minor virus-
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FIG. 2. The time course of appearance of two major coat protein
forms in CoYMV-infected plant tissues. Samples were analyzed (A) 10
FIG. 3. Effect of protease inhibitors on the persistence of CoYMV
days and (B) 18 days postinoculation. In (A), total proteins were isolated
ORF I, ORF II, and coat proteins in partially purified virus preparations.
from the third (lane 1), fourth (lane 2), and fifth (lane 3) leaf above the
Blots were probed with (A) AS-I, (B) AS-II, and (C) AS-CP1. Virus prepa-
site of agroinoculation. In (B), total proteins were isolated from the first
rations were analyzed immediately after purification (lane 1) or after 7
(lane 1), second (lane 2), third (lane 3), and fourth (lane 4) leaf showing
days of storage at 47 (lanes 2–8). Lane 2, no protease inhibitor; lane
symptoms; generally this corresponds to the third to sixth leaf above
3, antipain; lane 4, chymostain; lane 5, leupeptin; lane 6, PMSF; lane,
the inoculation site, respectively. Blots were probed with AS-CP1. The
7, leupeptin / PMSF; lane 8, all four protease inhibitors. The arrows
arrows and the lines between lanes indicate the major forms (39 and
indicate virus-specific proteins. The sizes of the virus-specific proteins
37 kDa) of the viral coat protein. The sizes of the virus-specific proteins
are indicated to the right.
are indicated in kDa. The stars indicate virus-nonspecific proteins de-
tected by AS-CP1.
employed filtration (Vaquero et al., 1994) to prepare a
tectable viral DNA. The relative amounts of the 37- and cell-wall-enriched retention and a cell-wall-depleted fil-
39-kDa coat proteins changed during the course of infec- trate. About one-half of the ORF I protein was in the cell-
tion. At 8–10 dpi, only the 39-kDa coat protein was de- wall-enriched fraction (Fig. 4A, lane 3), with the remain-
tectable in the fifth (youngest) leaf above the inoculation der in the filtrate, which also contained the majority of
site (Fig. 2A, lane 3). However, both the 37- and the 39- the coat protein (Figs. 4A and 4C, lane 3). In contrast,
kDa proteins were detected in the third and fourth leaves the distribution of the ORF II protein was similar to that
above the inoculation site (Fig. 2A, lanes 1 and 2). In the of the coat protein (Figs. 4B and 4C).
third leaf, the 37-kDa protein was more abundant than To test whether the ORF I and ORF II proteins are
the 39-kDa protein, while in the fourth leaf, they were associated with virions, filtered homogenates from in-
present in equal amounts. At 18 dpi, both proteins were fected tissues were centrifuged on sucrose gradients
detected in the upper symptomatic leaves with lesser under conditions where virions sediment to the midpoint
amounts of the 39-kDa protein occurring in the lower of the gradient (Lockhart, unpublished data) and the lo-
older leaves (Fig. 2B, lanes 2–4). Only the 37-kDa coat calizations of these proteins in the gradient were deter-
protein was detected in the lowest symptomatic leaf (Fig. mined. As expected, the coat proteins were detected in
2B, lane 1). the middle of the gradient (Fig. 5B). The ORF II protein
was also present in these fractions, indicating an associ-
The ORF II protein is sensitive to protease present in
ation between the ORF II protein and virions (Fig. 5A). In
partially purified virus preparations
contrast, the ORF I protein was distributed throughout
The amount of the ORF II protein detectable in partially the sucrose gradient (data not shown), consistent with an
purified virus preparations decreased with storage at 47 association with both virions and cellular component(s).
and became undetectable after 7 days (Fig. 3). ORF I and
coat protein amounts did not change during the same
period. These results suggested that the ORF II protein
was being degraded by proteases that were copurified
with the virions. Thus, several protease inhibitors were
tested for their effect on persistence of the ORF II protein
in virus preparations. A mixture of leupeptin and PMSF
was found to completely prevent loss of the ORF II protein
(Fig. 3), confirming that the disappearance of the ORF II
protein was due to proteolysis.
The ORF I protein is associated with the cell-wall-
enriched fraction and with virions, and the ORF II FIG. 4. Fractionation of CoYMV-infected tissues by filtration. Blots
were probed with (A) AS-I, (B) AS-II, and (C) AS-CP1. Lane 1, totalprotein is associated with virions
proteins isolated from uninfected plants; lane 2, the cell-wall-depleted
Several experiments were performed to determine the fraction; lane 3, the cell-wall-enriched fraction. The sizes of the virus-
specific proteins are indicated to the right.localization of the ORF I and ORF II proteins. The first
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FIG. 6. Fractionation of partially purified CoYMV preparations by
centrifugation on a sucrose–cesium sulfate gradient. The partially puri-
fied virus preparations were prepared without chloroform treatment
(see Materials and Methods). The gradient was fractionated from the
top to the bottom to yield fractions 1 to 9, respectively. Blots were
probed with (A) AS-I, (B) AS-II, and (C) AS-CP1. The sizes of the virus-
specific proteins are indicated to the right.
(Table 2). In the presence of AS-II, some virions were
adsorbed on protein A-bearing cells, but some were un-
adsorbed and remained in the supernatant following cen-
trifugation (Table 2). However, in the presence of AS-H
and AS-I, no virions were adsorbed on protein A-bearing
cells (Table 2).
In ISEM tests, very low amounts of virions were ob-
served on grids coated with AS-I or with AS-H (Table 3).
FIG. 5. Fractionation of filtered homogenates of CoYMV-infected tis- In contrast, AS-II and AS-CP1 trapped 50-fold more
sues by centrifugation on a sucrose gradient. Blots were probed with
virions than AS-I or AS-H (Table 3). While results from(A) AS-II and (B) AS-CP1. The gradient was fractionated from the top
fractionation on sucrose–cesium sulfate gradientsto the bottom to yield fractions 1 to 32, respectively. The last fraction
was the pellet from the bottom of the tube. The relative amount of the strongly suggested that the ORF I protein was associated
viral protein in each fraction is shown. with virions, the inability of AS-I to trap or adsorb virions
appeared to be in conflict with this conclusion. However,
since extracts used in fractionation studies were not
To further test the association between the ORF I and treated with chloroform, it is possible that chloroform
the ORF II proteins and virions, partially purified virions disrupted the interaction between virions and the ORF I
were centrifuged on sucrose–cesium sulfate gradients. protein. We therefore compared the amounts of the viral
Interestingly, these gradients resolved two classes of proteins present in partially purified virus preparations
virion. In addition to the 37- and 39-kDa coat proteins, before and after chloroform clarification. Chloroform clar-
the first class contained AS-CP1-reacting coat proteins ification removed the ORF I protein but had no effect
that were larger than the ‘‘mature’’ 37- and 39-kDa coat
proteins (Fig. 6C, lanes 5 –7), suggesting that virions in
TABLE 2
this fraction were ‘‘immature.’’ The second class con-
Immunoadsorption of Virions with Antiseratained only the mature coat proteins (Fig. 6C, lanes 8
and 9). The ORF II protein was associated with both
Antiserum used for virion adsorbent
classes of virion and the ORF I protein was only associ- Detection of coat
ated with the fractions containing the putative immature proteins in AS-H AS-I AS-II AS-CPI
virions (Figs. 6A and 6B). These experiments were re-
Supernatant a ////b //// / 0peated several times with similar results. EM analysis
Cell pellet a 0 0 /// ////confirmed that the fractions containing the coat protein
contained virions (data not shown). a Fractions of supernatant and cell pellet were prepared by centrifu-
Immunoadsorption, ISEM, and immunogold labeling gation following a 20-min incubation (at 47) of protein A-bearing S.
aureus cells with an overnight (at 47) mixture of partially purified virionswere performed using partially purified virus prepara-
and antiserum.tions clarified by chloroform extraction (see Materials
b The relative amounts of coat protein in the supernatant and pelletand Methods). In the presence of AS-CP1, virions were were determined by Western analysis following SDS–PAGE (see Mate-
completely adsorbed onto protein A-bearing S. aureus rials and Methods).0, no detectable coat protein; an increased number
of /’s indicates increased amounts of the coat protein.cells, which rendered them pelletable by centrifugation
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TABLE 3 virus-specific proteins of higher molecular weight (Fig.
1C). Similar complex detection patterns of viral coat pro-Comparison of the Ability of Different Antisera
teins have been reported for RTBV (Hay et al., 1994)to Trap Virions of CoYMV in ISEM
and CaMV (Maule et al., 1989). Chloroform treatment of
Virus preparation, Expt partially purified virus preparations eliminated all virus-
chloroform treatment specific proteins detected by AS-CP1, except for the pre-
(//0) Antiserum 1 2
dominant 37- and 39-kDa coat proteins (Fig. 1C, lane 4).
As shown in Fig. 1C (lane 3), the amount of the 50-kDa/ AS-H 2a 3
/ AS-I 3 0 coat-related protein was about the same as that of the
/ AS-II 153 141 37- and 39-kDa proteins in samples that were not treated
/ AS-CP1 249 228 with chloroform; however, it was eliminated by chloro-0 AS-H 36 51
form treatment. These results suggest that proteolytic0 AS-I 121 183
processing of the polyprotein encoded by ORF III is in-0 AS-II 175 286
0 AS-CP1 508 1096 volved in the production of the ‘‘mature’’ coat protein,
and that ‘‘immature’’ virions formed prior to completion of
a The number of virions counted in 20 random fields of view at a processing are sensitive to chloroform whereas mature
magnification of 115001.
virions are not. When centrifuged on a sucrose–cesium
sulfate gradient (Fig. 6), immature virions were partially
resolved from mature virions and were localized higheron the ORF II and major coat proteins (Fig. 1, lane 4).
in the gradient, indicating that they have a lower densityChloroform clarification also eliminated the putative pre-
and suggesting that the protein/nucleic acid ratio of thecursors of the mature coat protein (Fig. 1), suggesting
immature virions is higher than that of the mature virions.that extraction with chloroform removes the immature
At 10 dpi, only the 39-kDa coat protein was detectedvirions. When virions prepared without chloroform treat-
in the youngest leaf (Fig. 2A, lane 3). By 18 dpi, the oldestment were used in ISEM tests more virions were ob-
symptomatic leaf contained only the 37-kDa protein (Fig.served on grids coated with AS-I than with the AS-H
2B, lane 1). Younger leaves or symptomatic leaves sam-control. However, AS-I trapped fewer virions than did
pled at an earlier time contained both of the coat proteinseither AS-II or AS-CP1 (Table 3).
(Figs. 2A, lanes 1–2; 2B, lanes 2–4). These results sug-Virions treated with AS-CP1 and AS-II were consis-
gest that within a cell during the early stages of infectiontently labeled with gold-conjugated secondary antibody
virions contain only the 39-kDa subunit but at the later(Figs. 7A and 7C). But virions treated with AS-II were
stages this subunit is processed further, either by a spe-labeled with fewer gold particles. This labeling was not
cific viral protease or by a plant protease(s), to produceaffected by chloroform treatment. Virions in chloroform-
the 37-kDa protein. The biological importance, if any, ofclarified preparation, when treated with AS-I, were not
this processing is not known.labeled with gold-conjugated secondary antibody (Fig.
An antiserum (AS-I, Table 1) raised against the C-termi-7B), but when incubated overnight with less diluted AS-I
nus of the putative ORF I protein detected a 20-kDa virus-(1:4), virions prepared without chloroform treatment were
specific protein both in CoYMV-infected plants and inoccasionally labeled with a few gold particles (Fig. 7D).
partially purified virus preparations (Fig. 1A). In filtration
experiments, the ORF I protein was equally distributedDISCUSSION
between the cell-wall-enriched fraction and the virion-
containing cell-wall-depleted fraction (Fig. 4A). The re-To confirm the in vivo existence of the CoYMV ORF I,
ORF II, and coat gene products predicted by the DNA sults of sucrose–cesium sulfate gradient centrifugation
(Fig. 6) indicate that the ORF I protein is associated withsequence (Medberry et al., 1990), antisera were raised
against bacterially expressed proteins. These antisera virions. The association between the ORF I protein and
virions was confirmed using ISEM and immunogold la-were used to test for possible association between viri-
ons and the ORF I and ORF II proteins. beling of virions in preparations that were not chloroform
treated (Table 3; Fig. 7D). Furthermore, results of ISEMIn addition to AS-CP1, which was raised against puri-
fied virions, we also prepared AS-CP2 against the bacte- (Table 3) and immunogold labeling (Fig. 7) of virions in
virus preparations without chloroform extraction showedrially expressed C-terminal 212 amino acids of the puta-
tive coat protein (Table 1). The fact that AS-CP2 detected that the ability of AS-I to trap and label virions was much
lower than that of AS-CP1, suggesting that the amountthe same virus-specific proteins as did AS-CP1 (data not
shown) indicated that, similar to RTBV (Qu et al., 1991) of the ORF I protein externally associated with virions is
much less than that of the coat protein. This is consistentand as predicted by sequence analysis (Medberry et al.,
1990), the coat protein of CoYMV is encoded in ORF III. with the observation that no 20-kDa protein was ob-
served when highly purified virus preparations were sub-Interestingly, these two antisera detected not only major
forms of the coat protein (37 and 39 kDa) but also several jected to SDS–PAGE and stained for proteins (Lockhart,
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FIG. 7. Immunogold labeling of CoYMV virions. Partially purified virus preparations were (A, B, C) treated or (D) not treated with chloroform.
Virions air dried on grids on (A), (B), and (C) were incubated with (A) AS-CP1, (B) AS-I, and (C) AS-II followed by an incubation with 20-nm gold–
goat anti-rabbit IgG conjugate. In (D), virions trapped on grids by F(ab)*2 of affinity-purified AS-CP1 were incubated with AS-I followed by an incubation
with 10-nm gold–protein A conjugate. Bar, 200 nm (A, B, C) or 60 nm (D).
unpublished data). Since AS-I which recognizes the C- intact (data not shown), suggesting that CoYMV virions
are more resistant to detergent than those of RTBV. Whenterminus of the ORF I protein was able to trap and label
virions, the C-terminus of this protein must be located the concentration of detergent was increased to 1:50,
some disrupted virions were observed, but no virionson the surface of the virions. The ability of chloroform
treatment to deplete both immature virions and the ORF were labeled.
As predicted, AS-II which was raised against the puta-I protein from virion preparations, together with the colo-
calization of the ORF I protein with virion containing par- tive ORF II gene product (Table 1) detected a 15-kDa
virus-specific protein (Fig. 1B). All of our data are consis-tially processed coat proteins in sucrose–cesium sulfate
gradients, suggests that the ORF I protein is associated tent with an association between the ORF II protein and
virions. Results of sucrose gradient (Fig. 5) and sucrose –with immature virions. This association raises the possi-
bility that the ORF I protein plays a role in virion matura- cesium sulfate gradient centrifugation (Fig. 6) showed
that the majority of the ORF II protein was detected intion.
Hay et al. (1994) reported that RTBV ORF I protein fractions containing virions, suggesting that ORF II is
associated with virions. This association was further con-could be within virus particles because an antiserum
raised against this protein allowed gold labeling of deter- firmed by immunoadsorption (Table 2), ISEM (Table 3),
and immunogold labeling (Fig. 7). Thus, the ORF II proteingent-disrupted virions but not intact virions. We have
been unable to replicate these results with CoYMV. Un- is associated with virions in a conformation that allows
it to interact with the antibody. Results of chloroformder the conditions used by Hay et al. (1994) (Decon 90
or Contrad 70 diluted 1:200; Decon Co.), virions remained treatment of virions in partially purified preparations
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Hay, J., Grieco, F., Druka, A., Pinner, M., Lee, S.-C., and Hull, R. (1994).(Figs. 1B and 1C) and centrifugation of virion preparations
Detection of rice tungro bacilliform virus gene products in vivo. Virol-on sucrose–cesium sulfate gradients (Fig. 6) also sug-
ogy 205, 430–437.
gest that the ORF II protein is associated with both ma- Hay, L. M., Jones, M. C., Blakebrough, M. L., Dasgupta, I., Davies,
ture and immature virions. The ability of PMSF and leu- J. W., and Hull, R. (1991). An analysis of the sequence of an infectious
clone of rice tungro bacilliform virus, a plant pararetrovirus. Nucleicpeptin to protect the ORF II protein from proteolysis sug-
Acids Res. 19, 2615–2621.gests that proteolysis is due to a copurifying serine
Kessler, S. W. (1981). Use of protein A-bearing Staphylococci for theprotease and not the virus-encoded aspartic protease,
immunoprecipitation and isolation of antigens from cells. Methods
which would be expected to be refractory to these inhibi- Enzymol. 73, 442–459.
tors. The ability of a copurifying protease to degrade the Laco, G. S., and Beachy, R. N. (1994). Rice tungro bacilliform virus
encodes reverse transcriptase, DNA polymerase and ribonucleaseORF II protein is also consistent with a localization of
H activities. Proc. Natl. Acad. Sci. USA 91, 2654–2658.this protein to the external surface of the virion. In addi-
Laco, G. S., Kent, S. B. H., and Beachy, R. N. (1995). Analysis of thetion, results of immunoadsorption, ISEM, and immuno-
proteolytic processing and activation of the rice tungro bacilliform
gold labeling showed that the ability of AS-II to trap or virus reverse transcriptase. Virology 208, 207–214.
label virions was not as great as that of AS-CP1, sug- Laemmli, U. K. (1970). Cleavage of structural proteins during the assem-
bly of the head of bacteriophage T4. Nature (London) 227, 680–685.gesting that the amount of the ORF II protein associated
Lockhart, B. E. L. (1986). Purification and serology of a bacilliform viruswith virions is much less than that of the coat protein.
associated with a streak disease of banana. Phytopathology 76, 995–This is consistent with the observation that no 15-kDa
999.
protein was observed when highly purified virus prepara- Lockhart, B. E. L., and Autrey, L. J. C. (1988). Occurrence in sugarcane
tions were subjected to SDS–PAGE and stained for pro- of a bacilliform virus related serologically to banana streak virus.
Plant Dis. 72, 230–233.teins (Lockhart, unpublished data).
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